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Of the cell cycle-associated genes regulated by human T-cell leukemia virus type-1 (HTLV-1) Tax, cyclin-dependent kinase (CDK)
inhibitor p21WAF1 is upregulated in HTLV-1-infected cells. Previously, we reported that p21WAF1 stimulated Tax-dependent NF-nB activation
which influences a variety of cellular processes, including proliferation, differentiation, and apoptosis. In HTLV-1-infected cells, Tax is
primarily involved in the constitutive activation of NF-nB signaling. Here, we demonstrate that p21WAF1 affects Tax-dependent NF-nB
signaling by inducing p100/52, an NF-nB-related protein. W4, a Tax-transformed rat fibroblast cell line, exhibits the constitutive activation of
NF-nB signaling, potentially mediated by overexpression of RelB. Ectopic expression of p21WAF1 in W4 cells, which lack endogenous
expression due to methylation of the p21WAF1 promoter, induces the expression of p100/52. Bcl-2 expression was also upregulated by ectopic
p21WAF1 in this cell line, suggesting that p21WAF1 plays an important role in the regulation of apoptosis by modulating NF-nB signaling in
Tax-expressing rat fibroblasts. We also address the expression of NF-nB-related proteins in HTLV-1-infected cells.
D 2004 Elsevier Inc. All rights reserved.
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Human T-cell leukemia virus type 1 (HTLV-1) is the
retrovirus causing adult T-cell leukemia and the neurological
disorder, HTLV-1-associated myelopathy (HAM)/tropical
spastic paraparesis (TSP) (Uchiyama, 1997). Tax, an HTLV-
1-encoded protein, influences cellular transcriptional acti-
vation, immortalization, transformation, and the regulation
of cell cycle-associated proteins, including cyclins, cyclin-
dependent kinases (CDKs), and CDK inhibitors (Akagi et
al., 1996; Haller et al., 2002; Iwanaga et al., 2001; Robek
and Ratner, 1999; Tanaka et al., 1990). Tax also plays a
crucial role in the expression of viral genes containing Tax-
responsive elements within the HTLV-1 long terminal repeat
(LTR).0042-6822/$ - see front matter D 2004 Elsevier Inc. All rights reserved.
doi:10.1016/j.virol.2004.11.023
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E-mail address: kshimoto@virus.kyoto-u.ac.jp (K. Shimotohno).Tax modifies a number of cellular signaling pathways,
including CREB, SRE, and NF-nB (Yoshida, 2001). NF-nB
signaling is involved closely in immune responses, inflam-
matory reactions, and cellular sensitivity to the induction of
apoptosis. The NF-nB family of transcription factors is
composed of at least five members, RelA, RelB, c-Rel,
p105/50, and p100/52. RelA and likely c-Rel are regulated
by the degradation of InB family members. In contrast,
RelB activity is primarily controlled by association with
p100 in the cytoplasm, preventing nuclear localization. The
processing of p100, which results in the production of p52,
creates an active heterodimer of p52 and RelB to initiate
RelB-mediated NF-nB signaling. Multiple reports have
demonstrated that NF-nB activation by Tax utilizes multiple
mechanisms to achieve downstream NF-nB activation: the
activation of the InB kinase (IKK) complex through the
interaction with NEMO (Chun et al., 2000; Xiao et al.,
2000, 2001; Yamaoka et al., 1998), the degradation of InB-
a (Kanno et al., 1994), and the phosphorylation of RelA
(O’Mahony et al., 2004).05) 249–257
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and cyclin binding domains, stimulates the transactivational
function of Tax to induce NF-nB signaling (Kawata et al.,
2003). p21WAF1 expression is induced by p53 (El-Deiry et
al., 1993) or cellular senescence (Noda et al., 1994) to play
an important role in cell cycle arrest by inhibiting CDK
activities (Harper et al., 1993; Niculescu III et al., 1998;
Xiong et al., 1992, 1993). Many reports, however, have
demonstrated that p21WAF1 does not always function as a
CDK inhibitor. p21WAF1 acts as an assembly factor for
cyclin D/CDK4 complexes (Cheng et al., 1999; LaBaer et
al., 1997; Sherr and Roberts, 1999; Zhang et al., 1994),
stabilizes cyclin D/CDK4 complexes (Hiyama et al., 1997),
and assists in their nuclear localization (Cheng et al., 1999;
LaBaer et al., 1997). In HTLV-1-infected cells, p21WAF1,
which is upregulated in a p53-independent manner (Cer-
eseto et al., 1996; Fuente et al., 2000), assembles with cyclin
D2 and CDK4 to form a G1-S accelerating complex (Kehn
et al., 2004). p21WAF1 expression also prevented the
apoptosis of HTLV-1-infected and Tax-immortalized cells.
These studies suggest that p21WAF1 plays a variety of roles
in HTLV-1 immortalized and transformed cells, which differ
from those observed in normal cells.
Previous studies demonstrated that the constitutive NF-nB
activation induced by Tax is essential for the transformation
of a rat fibroblast cell line, Rat-1 (Yamaoka et al., 1996). As
ectopic expression of p21WAF1 enhanced the transformational
efficiency of this cell line (Kawata et al., 2003), we postulated
that p21WAF1 overexpression in HTLV-1-infected cells may
contribute to cellular immortalization and transformation
through further upregulation of NF-nB signaling.
To investigate the influence of p21WAF1 expression on
Tax-mediated NF-nB activation, we established variants of
the parental Rat-1 cell line that does not express endogenous
p21WAF1, expressing either Tax alone or Tax and p21WAF1.
Here, we demonstrate that p21WAF1 modulates NF-nB
signaling by inducing p100/p52 expression. Co-expressionFig. 1. p21WAF1 stimulates Tax-dependent NF-nB signaling. (A) Effect of
Tax and p21WAF1 on NF-nB promoter mediated transcription. Rat-1, W4,
and W4 sdi#10 cells were transfected with 50 ng of pNF-nB-Luc and 50 ng
of pRL-TK. Thirty-two hours after transfection, the cells were incubated in
the presence (+) or absence () of 10 ng/mL of TNF-a for 4 h. Luciferase
activity present in whole-cell lysates was then measured. The luciferase
activities are shown as a value relative to that observed in Rat-1 cells
without TNF-a treatment. The protein levels of Tax, p21WAF1, and Tubulin
in Rat-1 and Rat-1-derived cells were analyzed by Western blotting using
anti-Tax, anti-p21, and anti-Tubulin antibodies, respectively, as shown in
the lower panel of A. (B) Activation of NF-nB promoter mediated
transcription by Tax and p21WAF1 in Rat-1 cells. Rat-1 cells were co-
transfected with 150 ng of the expression plasmid encoding Tax either alone
or in combination with 100 ng p21WAF1 expression plasmid together with
50 ng pNF-nB-Luc and 50 ng pRL-TK. Thirty-two hours after transfection,
cells were incubated in the presence (+) or absence () of 10 ng/mL of
TNF-a for 4 h. The luciferase activities are shown as a value relative to that
observed in Rat-1 cells in the absence of TNF-a treatment. Tax, p21WAF1,
and Tubulin expression levels were then examined by Western blotting
analysis using anti-Tax, anti-p21, and anti-Tubulin antibodies, respectively.
(B, lower panels).of Tax and p21WAF1 in Rat-1 cells resulted in the induction
of c-Rel, and p100/52, while expression of Tax induced only
RelB. Furthermore, induction of p52 resulted in the over-
expression of the anti-apoptotic protein Bcl-2. These results
indicate that p21WAF1 plays an important role in the
inhibition of apoptosis by modulating NF-nB signaling in
Tax-expressing rat fibroblasts.
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p21WAF1 stimulated Tax-mediated NF-jB signaling
HTLV-1 Tax activates NF-nB-dependent gene expres-
sion. To determine the influence of p21WAF1 on Tax
transactivational function, we examined Rat-1 and Rat-1
derived cell line expressing either Tax alone or Tax in the
presence of p21WAF1. The Rat-1 cell line was chosen to
analyze the function of p21WAF1 because, due to methyl-
ation of the p21WAF1 promoter region, these cells do not
express any endogenous p21WAF1 (Allan et al., 2000). We
have already demonstrated in Rat-1 cells that p21WAF1
stimulates Tax-mediated NF-nB activation through theFig. 2. RelA does not localize to the nucleus in W4 and W4 sdi#10 cells. Indirect i
without TNF-a treatment), W4, and W4 sdi#10 cells is shown (left panels). Cells w
conjugated secondary antibody. Nuclei were stained with DAPI (right panels).CDK- and cyclin-binding domains (Kawata et al., 2003).
Rat-1 cells expressing both Tax and p21WAF1, W4 sdi#10
cells, exhibited higher NF-nB activity than Rat-1 cells
expressing Tax alone, W4 (Fig. 1A). Similar results were
obtained during the transient expression of either Tax alone
or Tax and p21WAF1 in Rat-1 cells (Fig. 1B). p21WAF1
could not activate NF-nB signaling in the absence of Tax
(Fig. 1B).
Tax or Tax and p21WAF1 expression does not affect on the
localization of RelA
W4 cells, a derivative of Rat-1 cells transformed by Tax,
have been well characterized in previous studies (Yamaokammunofluorescence analysis examining RelA localization in Rat-1 (with or
ere fixed and stained with an anti-RelA antibody, followed by an Alexa 488-
K. Akita et al. / Virology 332 (2005) 249–257252et al., 1996). While W4 cells exhibit the constitutive
activation of NF-nB signaling, the details of NF-nB
signaling activation in these cells have not been well
characterized. The amount of NF-nB activity in W4 cells
was similar to the levels observed in TNF-a-treated Rat-1
cells. TNF-a treatment of Rat-1 cells mobilized RelA from
the cytoplasm into the nucleus (Fig. 2). We did not observe
the nuclear localization of RelA in W4 and W4 sdi#10 cells
(Fig. 2), however, suggesting that Tax and p21WAF1
stimulation of NF-nB signaling in these cells occur
independently from the nuclear localization of RelA.Fig. 3. The expression pattern of NF-nB-related proteins in Rat-1 and Rat-1 derive
Rat-1, W4, Tax#1, W4 sdi#10 and Tax/p21#13 cells. Cell lysates were prepared as
used for the analysis. For detection of p21WAF1, however, 50 Ag of proteins was s
activity in W4 cells. Rat-1 and W4 cells were co-transfected with 50 ng pRelB-Luc
cell lysates were measured. The luciferase activities are shown as a value relative
expression of Tax induces RelB expression in Rat-1 cells. Cell lysates were prepare
empty plasmid (left lane). Protein levels of RelB, Tax, and Tubulin in Rat-1 cells
anti-Tubulin antibodies, respectively. (D) p100, but not InB-a, represses the activ
150 ng of the expression plasmid encoding RelA either alone or in combination w
transfected together with 50 ng pNF-nB-Luc and 50 ng pRL-TK. W4 cells we
expressing either InB-a (lanes 5–7) or p100 (lanes 8–10) with 50 ng pNF-nB-Luc a
of Rat-1 transfected with an empty vector. InB-a and p100 production levels w
antibodies, respectively (D, lower panels).p21WAF1 changes the expression pattern of NF-jB-related
proteins in Tax-expressing Rat-1 cells
To investigate the influence of p21WAF1 on the NF-nB
signaling, we analyzed the expression patterns of NF-nB-
related proteins in Rat-1, W4, Tax#1, W4 sdi#10, and Tax/
p21#13 cells. W4 and Tax#1 cells express only Tax, while
W4 sdi#10 and Tax/p21#13 express both Tax and
p21WAF1. We observed the constitutive activation of NF-
nB signaling in W4 cells in the absence of RelA nuclear
localization (Fig. 2). To ensure that this observation wasd cells. (A) Western blotting analysis of NF-nB-related protein expression in
described in Materials and methods. For each sample, 10 Ag of protein was
ubjected to Western blotting analysis. (B) The activation of RelB promoter
and 50 ng pRL-TK. At 36 h post-transfection, luciferase activities in whole
to that of cells transfected with an empty vector, pGL3-Basic. (C) Transient
d from Rat-1 cells transfected with a plasmid encoding Tax (right lane) or an
were analyzed by Western blotting analysis using anti-RelB, anti-Tax, and
ation of NF-nB signaling in W4 cells. Rat-1 cells were co-transfected with
ith 300 ng InB-a expression plasmid (lanes 2 and 3). These plasmids were
re co-transfected with varying doses (50, 150, and 300 ng) of a plasmid
nd 50 ng pRL-TK. Luciferase activities are shown as values relative to those
ere examined by Western blotting analysis using anti-InB-a and anti-Myc
Fig. 4. p21WAF1 enhances the expression level of p100/52, but does not
promote p100 processing. (A) Transient expression of p21WAF1 induces
p100/52 expression in W4 cells. Cell lysates were prepared from W4 cells
transfected with a plasmid encoding p21WAF1 or an empty plasmid. Protein
levels of p100, p52, Tax, p21WAF1, and Tubulin in W4 cells were analyzed
by Western blotting analysis using appropriate antibodies. (B) p21WAF1
does not induce the processing of p100 and subsequent production of p52.
Cell lysates were prepared from W4 cells transfected with an expression
plasmid encoding Myc-tagged p100 either alone or in combination with the
p21WAF1 expression plasmid. The protein levels of p100, p52, Tax,
p21WAF1, and Tubulin in W4 cells were then analyzed by Western blotting
analysis.
Fig. 5. Expression of Bcl-2 is correlated with expression of p52. (A)
Expression of Bcl-2 was increased in both Tax- and p21WAF1-expressing
Rat-1 cells. Western blotting analysis for Bcl-2 was performed on Rat-1,
W4, Tax#1, W4 sdi#10 and Tax/p21#13 cells. Cell lysates were prepared as
described in Materials and methods. For each sample, 10 Ag of protein was
subjected to Western blotting analysis. (B) p21WAF1 enhances the
expression levels of Bcl-2 in W4 cells. Cell lysates were prepared from
W4 cells transfected with a plasmid encoding p21WAF1 or an empty
plasmid. Protein levels of Bcl-2, Tax, p21WAF1, and Tubulin in W4 cells
were analyzed by Western blotting analysis. (C) p52 enhances the
expression levels of Bcl-2 in W4 cells. Cell lysates were prepared from
W4 cells transfected with a plasmid encoding p52 or an empty plasmid.
Protein levels of p52, Bcl-2, and Tubulin in W4 cells were analyzed by
Western blotting analysis.
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Tax-expressing Rat-1-derived cell line, Tax#1, that had
been transduced with a Tax-encoding plasmid, pH2R-Tax.
The expression pattern of NF-nB-related proteins in this
cell line was similar to W4 (Fig. 3A). Increased expression
of RelB in W4 and Tax#1 cells was consistent with the
observed activation of the RelB promoter in both W4 and
Tax#1 cells (Figs. 3A and B, and data not shown).
Transient expression of Tax induced RelB expression in
Rat-1 cells (Fig. 3C), demonstrating that RelB is also
induced by Tax in W4 and Tax#1 cells. In W4 cells,
ectopic expression of InB-a, an inhibitor of RelA, did not
repress NF-nB activity, while expression of p100 mediated
efficient suppression (Fig. 3D). These findings suggest that
RelB plays a major role in the activation of NF-nB
signaling in Tax-expressing Rat-1 cells, W4, and Tax#1
cells; it is unlikely that RelA contributes significantly to
NF-nB activation in these cells. These findings also
suggest that Tax activates NF-nB signaling by the
induction of RelB without the activation of RelA in those
cells. We then investigated the expression patterns of NF-
nB-related proteins in W4 sdi#10 and Tax/p21#13 cell
lines constitutively producing p21WAF1. These and their
parental cell lines express similar levels of Tax. p21WAF1
was expressed at equivalent levels in W4 sdi#10 and Tax/
p21#13 cell lines. We observed the induction of c-Rel and
p100/52 expression in cells expressing p21WAF1 (Fig. 3A),
indicating that p21WAF1 functions to activate NF-nB
signaling in Tax-expressing cells by enhancing theproduction of the additional NF-nB-related proteins, c-
Rel and p100/52, which act in concert with RelB. These
results also suggest that Tax alone is not sufficient to
induce c-Rel and p100/p52 expression in Rat-1 cells.
While transient expression of p21WAF1 induced the
expression of p100/p52 in W4 cells (Fig. 4A), p21WAF1
did not promote the processing of exogenously expressed
Myc-tagged p100 (Fig. 4B). The expression levels of Myc-
tagged p52, the product of Myc-tagged p100 processing,
were not changed by expression of p21WAF1 (Fig. 4B).
These results indicate that p21WAF1 regulates the expres-
sion but not processing of p100.
p21WAF1 induces anti-apoptotic protein Bcl-2 in
Tax-expressing Rat-1 cells
Tax-expressing Rat-1 cells are highly sensitive to the
induction of apoptosis caused by serum deprivation. Ectopic
expression of p21WAF1 in these cells confers an anti-
apoptotic phenotype (Kawata et al., 2003). The underlying
mechanism governing the anti-apoptotic function of
p21WAF1 in Tax-expressing Rat-1 cells, however, remains
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anti-apoptotic protein Bcl-2 was markedly increased in W4
sdi#10 and Tax/p21#13 cells (Fig. 5A). Similar result was
obtained following the transient expression of p21WAF1 in
W4 cells (Fig. 5B). It was previously demonstrated that the
expression of Bcl-2 was regulated by p52 in MCF7 cells, a
breast cancer cell line (Viatour et al., 2003). In addition,
transient expression of p52 induced Bcl-2 expression in W4
cells (Fig. 5C). These results suggest that p21WAF1 protects
Tax-expressing cells from apoptosis by induction of Bcl-2
through p52-dependent NF-nB activation.
The expression pattern of NF-jB-related proteins in
HTLV-1-infected cells is similar to both Tax and
p21WAF1-expressing Rat-1 cells
Previously, we reported that p21WAF1 enhances Tax-
mediated NF-nB activation and stimulated cell trans-
formation in Rat-1 cells. We have also demonstrated that
p21WAF1 reduced the sensitivity of Tax-expressing Rat-1
cells and HTLV-1-infected cells to apoptosis induced by
serum deprivation and DNA damaging agents, respec-
tively. These results suggest that p21WAF1 may function in
cell proliferation in an unknown manner in HTLV-1-Fig. 6. The expression pattern of NF-nB-related proteins in HTLV-1-
infected and uninfected human lymphocyte derived cell lines. Western
blotting analysis of NF-nB-related protein was performed on HTLV-1-
infected and uninfected cell lines. Jurkat and CEM are HTLV-1 uninfected
cell lines, while C8166, C91, Hut102, MT-2, and MT-1 are HTLV-1-
infected cell lines. MT-1 barely expresses the viral antigens, due to
methylation of the viral genome. Cell lysates were prepared as described in
Materials and methods. For each cell line, 30 Ag of protein was used for the
analysis.infected cells. In this study, we found that p21WAF1
modulated NF-nB signaling in Tax-expressing Rat-1 cells.
We analyzed the expression patterns of NF-nB-related
proteins in HTLV-1-infected or uninfected human T-cell
lines (Fig. 6). The expression patterns observed in HTLV-
1-infected cells were similar to cells expressing both Tax
and p21WAF1. Thus, p21WAF1 may play an important role
in not only cell proliferation but also the modulation of
NF-nB signaling in HTLV-1-infected cells.Discussion
HTLV-1 Tax induces a variety of cellular genes by
activating a number of signaling pathways mediated by NF-
nB, CREB, and AP-1. HTLV-1-infected T-cell lines also
exhibit a marked increase in p21WAF1. Surprisingly, Tax-
transformed p21WAF1-deficient rat fibroblasts exhibited
different expression patterns of NF-nB-related proteins from
that observed in HTLV-1-infected cell lines, with the
exception of RelB (Figs. 3A and 6). The overexpression of
RelB was observed in all HTLV-1-infected Tax-positive
human T-cell lymphoma cell lines and Tax-transformed Rat-1
cells. As the activation of NF-nB signaling by Tax is required
for cell transformation (Yamaoka et al., 1996), RelB
expression may also play a role in the immortalization of
human T-lymphocytes by Tax. The hypothesis that RelB
plays a significant role in the transformation of Tax-
expressing cells is consistent with previous reports demon-
strating the inhibition of Tax-mediated transformation fol-
lowing the ectopic expression of p100, but not InB-a
(Yamaoka et al., 1996). p21WAF1 alone cannot activate NF-
nB signaling, suggesting that p21WAF1 functions as a
modulator in the activation process of NF-nB signaling by
Tax.
The induction of both p100/p52 and c-Rel was dependent
on the expression of p21WAF1 in Tax-expressing Rat-1 cells
(Fig. 3A). p52, generated by p100 processing, is a
component of an active heterodimer with RelB. Tax
promotes the processing of p100, a non-canonical pathway
of NF-nB signaling. Therefore, the induction of p100/p52
by p21WAF1 indicates that p21WAF1 plays an important role
in the Tax-mediated activation of non-canonical NF-nB
pathways in Rat-1 cells. We found that the expression of
both Tax and p21WAF1 induced the expression of the anti-
apoptotic protein Bcl-2, which may be mediated by the
upregulation of p52. While the mechanism of p100
induction by p21WAF1 is unclear, there are many reports
demonstrating the transcriptional activity of p21WAF1.
p21WAF1 regulates the transcription of cellular genes by
modulating CBP/p300 coactivator function (Gregory et al.,
2002; Perkins, 2002). p21WAF1 induces NF-nB signaling by
activating p300 through interactions with CDK2 (Perkins et
al., 1997). Previous report has demonstrated that the
regulation of Bcl-2 correlated with the expression of p52
in MCF7 cells and neoplastic cells from patients with breast
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al., 2003). Previous report has demonstrated the anti-
apoptotic function of Bcl-2 in Tax-mediated apoptosis
caused by serum deprivation was also demonstrated using
Tax-expressing Rat-1 cells (Yamada et al., 1994). As NF-nB
signaling is considered to be an important target for
anticancer therapy, a precise understanding of the mecha-
nism by which NF-nB targets anti-apoptotic genes during
HTLV-1 infection of human T-cells may help in the
development of therapeutic agents for HTLV-1-related
diseases.
p21WAF1 and other CIP/KIP family members, p27 and
p57, have been regarded solely as inhibitors of cell cycle
progression. A number of recent studies have suggested that
CIP/KIP proteins play different roles from the inhibition of
CDK activities (Blagosklonny, 2002; Coqueret, 2003;
Slingerland and Pagano, 2000). Actin dynamics and cell
migration are regulated by CIP/KIP members that modulate
the Rho kinase pathway (Collard, 2004; Denicourt and
Dowdy, 2004). p21WAF1 can function as a Rho kinase
(ROCK) inhibitor (Lee and Helfman, 2004; Tanaka et al.,
2002), while p57 regulates the subcellular localization of
LIMK, a protein kinase that regulates actin filaments
(Yokoo et al., 2003). p27 also inhibits RhoA activation by
interfering with the interaction of RhoA with its GEFs,
guanine-nucleotide exchange factors, hence promoting cell
migration (Besson et al., 2004). Thus, CIP/KIP proteins may
function in the promotion of tumor progression and
invasiveness through their regulation of cell migration.
Furthermore, p21WAF1 acts as an inhibitor of apoptosis in
differentiated monocytes and leukemic monocytes by
interacting with ASK-1, apoptosis signal-regulating kinase
1 (Asada et al., 1999; Schepers et al., 2003). Here, we
demonstrate that p21WAF1 enhanced Tax-mediated NF-nB
activation by altering the expression of NF-nB-related
proteins. Such activities correlate with protection from
apoptosis (Kawata et al., 2003). These functions of
p21WAF1 thus encourage cell proliferation leading to
immortalization or transformation. Clarification of the
precise roles of p21WAF1 in HTLV-1-infected cells may
shed light on these mechanisms of malignant transformation
of HTLV-1-induced adult T-cell leukemia.Materials and methods
Cell lines and cell culture
Rat-1, and Rat-1-derived cells were cultured at 37 8C in
Dulbecco’s modified Eagle medium (DMEM) supple-
mented with 10% fetal bovine serum. The HTLV-1-
infected T-cell lines C91, C8166, HUT102, MT-2, and
MT-1 and the HTLV-1-negative T-cell lines Jurkat and
CEM were cultured at 37 8C in RPMI 1640 medium
supplemented with 10% fetal bovine serum. DMEM and
RPMI 1640 were purchased from Nissui (Tokyo, Japan).The Rat-1 derived cell lines W4, W4 sdi#10, Tax#1, and
Tax/p21#13 were prepared as described previously
(Kawata et al., 2003).
Plasmid construction
pcDNA3-p21 was the kind gift of A. Dutta (Brigham
and Women’s Hospital, Boston, MA). Plasmids encoding
RelA, p100, p52, and InB-a were created by cloning the
corresponding human cDNA sequences into the mamma-
lian expression vectors pcDNA3 (RelA and InB-a), or
pcDNA3-Myc (p100 and p52). pH2R-Tax has been
described previously (Ariumi et al., 2000; Kawata et
al., 2003). The pGL3-Basic RelB-promoter, pRelB-Luc,
was created by cloning the previously identified human
RelB promoter genomic sequence (Bren et al., 2001) into
the pGL3-Basic vector (Promega).
Western blotting analysis
Cells were lysed in lysis buffer (50 mM HEPES–
NaOH [pH 7.0], 100 mM NaCl, 1 mM EDTA, and 1%
Triton X-100) supplemented with a protease inhibitor
cocktail (Roche). Cell lysates were subjected to SDS
polyacrylamide gel electrophoresis, followed by Western
blotting analysis with anti-p21 (C-19; Santa Cruz), anti-
RelA (F-6; Santa Cruz), anti-RelB (C-19; Santa Cruz),
anti-c-Rel (C; Santa Cruz, N; Santa Cruz), anti-IkB-a (C-
15; Santa Cruz), anti-NF-nB2 p52 monoclonal
(UPSTATE), anti-NF-nB2 p52 polyclonal (K27; Santa
Cruz), anti-tubulin (Ab-1; Calbiochem), anti-c-Myc
(9E10; Sigma), anti-Bcl-2 (clone 7; BD Biosciences), or
anti-Tax antibodies. The polyclonal antiserum specific for
Tax was generated by immunization of rabbits with a
GST-Tax (C-terminus) fusion protein.
Luciferase assay
The appropriate plasmids were introduced into Rat-1,
and Rat-1-derived cells using FuGENE6 reagent (Roche)
according to the manufacturer’s instructions. Subse-
quently, NF-nB and RelB promoter activities in trans-
fected cells were evaluated using a dual-luciferase
reporter assay system kit (Promega). The reporter plasmid
pNF-nB-Luc (Stratagene) contains the five NF-nB bind-
ing elements (TGGGGACTTTCCGC)5 upstream of the
minimum promoter region that drive expression of the
firefly luciferase reporter gene. The pRelB-Luc plasmid,
described above, was also used. Renilla luciferase
activity, reflecting activity of the enzyme produced by
the pRL-TK (Promega) plasmid containing the herpes
simplex virus thymidine kinase promoter upstream of the
Renilla luciferase gene, was also monitored to normalize
firefly luciferase activity. The total amount of plasmid
was adjusted with empty vector. The results represent the
average of at least three independent experiments.
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Rat-1, and Rat-1-derived cells were seeded onto glass
coverslips in six-well plates. Cells were fixed in 150 mM
sodium cacodyrate–HCl [pH 7.2] with 2% paraformalde-
hyde, then permeabilized in 0.05% Triton X-100 for 10
min. Non-specific antibody binding was blocked by
treatment of cells for 1 h with phosphate-buffered saline
(PBS) containing 3% bovine serum albumin at 4 8C.
Samples were then incubated with primary anti-RelA
antibody for 1 h. After washing in PBS, cells were
incubated with Alexa 488-conjugated secondary anti-
bodies (Molecular Probes) for 30 min to visualize
primary antibody staining. Nuclei were stained with 4V,
6-diamidino-2-phenylindole (DAPI).Acknowledgments
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